• Phenomenological description of reaction e + N → e ′
, φ, ω, ...) production mechanism and hadron (nucleon) structure.
• Properties of Spin-Density Matrix Elements (SDMEs).
SDMEs are dimensionless coefficients in the angular distribution of final particles and therefore can be extracted from data.
• SDMEs are expressible in terms of ratios of helicity amplitudes F λ V λ ′ N λ γ λ N of the γ * (λ γ ) + N (λ N ) → V (λ V ) + N (λ ′ N ) reaction, hence the ratios can be obtained from angular distribution of final particles.
• Generalized Parton Distributions (GPDs) of the nucleon can be obtained from the helicity amplitude F 00 ≡ F 0 1 2 0 1 2 (γ L → V L ) for which factorization theorem is proved.
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• Generalized Parton Distributions (GPDs) Quark GPDs: H q (x, ξ, t), E q (x, ξ, t), ... Gluon GPDs: H g (x, ξ, t), E g (x, ξ, t), ... H q and H g can be obtained from nucleon helicity non-flip amplitudes (λ N = λ ′ N ). E q and E g can be extracted from nucleon helicity-flip amplitudes (λ N = λ ′ N ). Therefore data on transversely polarized target are to be analyzed.
• Relations by Ji 1 2
dxx[H q (x, ξ, t → 0) + E q (x, ξ, t → 0)] =< J q >,
To use the Ji relations E q (x, ξ, t → 0) and E g (x, ξ, t → 0) are to be extracted from data on transversely polarized targets at t = 0.
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is the electromagnetic current of hadrons; e (λ γ ) σ is the photon polarization four-vector; λ γ = ±1 transverse virtual photon,
is the vecor meson polarization vector; λ V = ±1 transverse vector meson, λ V = 0 longitudinal vector meson. Amplitude decomposition into Natural (NPE) and Unnatural Parity Exchange (UPE) Amplitudes (18=10+8) 
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Phenomenological description of reaction e + N → e
of the vector meson can be extracted from the angular distribution of final particles
.
• Relation between spin-density matrix of virtual photon ρ λ γ λ ′ γ = ρ λ γ λ ′ γ (Φ), the nucleon
where Ψ is the angle between the transverse polarization vector, P T and the lepton scattering plane.
• SDMEs in the Diehl representation ( u
) are the Fourier coefficients in decomposition of Φ and Ψ dependences of spin-density matrix of vector meson
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• Recoil nucleon was not detected. Missing mass criterion was used.
M X mass of recoil system; M p proton mass.
• 8741 events with exclusive ρ 0 -mesons produced with unpolarized and longitudinally polarized beam (< |P B | >≈ 0.3 ± 0.02) on transversely polarized proton (| P T | ≈ 0.72 ± 0.06) were obtained.
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The HERMES Experiment 7% < fraction of background < 23% for increasing −t ′ is subtracted, < f bg >= 11%.
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]/2; exchanges with pomeron, ρ, a 2 , ...
]/2; exchanges with π, a 1 , ...
Amplitudes without nucleon helicity flip:
Amplitudes with nucleon helicity flip:
Angular distribution is dimensionless quantity, hence it may depend on the helicity amplitude ratios only. Amplitude ratios:
00 .
Total number of independent complex amplitude ratios is 17 (34 real functions). Small amplitudes can be reliably extracted if there is product of those by the amplitude T 
Comparison of Extracted Amplitude Ratios with Goloskokov-Kroll Model
A: γ * T → ρ T B: γ * L → ρ L C: γ * T → ρ L D: γ * L → ρ T E: γ * T → ρ -T
HERMES data GK model, positive sign of πρ FF GK model, negative sign of πρ FF
In the GK Model, amplitudes T
10 , T
1−1 , T
1−1 , U
1−1 are put equal to zero.
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Comparison of Calculated SDMEs with Directly Extracted SDMEs
• SDMEs in the Diehl Representation
where ǫ is the ratio of longitudinal and transverse photon fluxes and the normalization factors are
The NPE amplitudes
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• Comparison of calculated with amplitude ratios (red points) extracted in Eur.Phys.J. C77 (2017)378 and "direct" (blue triangles) SDMEs u 
• Comparison of calculated with amplitude ratios (red points) extracted in Eur.Phys.J. C77(2017)378
and "direct" (blue squares) SDMEs n 
and "direct" (blue squares) SDMEs s i , where g bg is the fraction of background events in 4π (before interaction of particles with detector).
